Lower plasma levels of high-density lipoproteins (HDL) in adolescents with type 2 diabetes (T2D) have been associated with a higher pulse wave velocity (PWV), a marker of arterial stiffness. Evidence suggests that HDL proteins or particle subspecies are altered in T2D and these may drive these relationships. In this work, we set out to reveal any specific proteins and subspecies that are related to arterial stiffness in youth with T2D from proteomics data. Plasma and PWV measurements were previously acquired from lean and T2D adolescents. Each plasma sample was separated into 18 fractions and evaluated by mass spectrometry. Then, we applied a validated network-based computational approach to reveal HDL subspecies associated with PWV. Among 68 detected phospholipid-associated proteins, we found that seven were negatively correlated with PWV, indicating that they may be atheroprotective. Conversely, nine proteins show positive correlation with PWV, suggesting that they may be related to arterial stiffness. Intriguingly, our results demonstrate that apoA-I and histidine-rich glycoprotein may reverse their protective roles and become antagonistic in the setting of T2D. Furthermore, we revealed two arterial stiffness-associated HDL subspecies, each of which contains multiple PWV-related proteins. Correlation and disease association analyses suggest that these HDL subspecies might link T2D to its cardiovascular-related complications.
Background
Type 2 diabetes mellitus (T2D) is a major risk factor for development of cardiovascular disease (CVD) [1] . An important contributor to elevating CVD risk in persons with T2D is dyslipidemia [2] , characterized by high concentrations of small dense low-density lipoproteins (LDL) particles and serum triglycerides and low concentrations of high-density lipoprotein-cholesterol (HDL-C). Therapies focusing on improving CVD risk in T2D have largely focused on lowering atherogenic LDL particles. Unfortunately, even with the most effective LDL-lowering drugs, significant residual incidence of CVD remains in this population [3] . This has prompted numerous clinical trials aimed at raising HDL-C [4] [5] [6] . However, despite successfully raising HDL-C by >70%, these drugs failed to reduce CVD risk [4, 6, 7] . One recent exception was able to reduce CVD over statin treatment, but the effect was relatively modest [8] .
2 Complexity HDL-targeted therapies have significant underlying challenges because HDL is more complex than previously recognized. Proteomic studies of HDL have identified at least 95 distinct proteins associated with HDL [9] [10] [11] [12] [13] [14] . It is impossible for all of these proteins to reside on a single particle. Instead, it is likely that several proteins interact on different particles, likely to carry out specific functions. A perfect example is trypanosome lytic factor (TLF), containing apolipoprotein A-I (apoA-I), haptoglobin-related protein, and apoL-I. This particle has been shown to have specific lytic activity against the protozoan Trypanosoma brucei via lysosomal disruption [15] .
Recent studies have shown that HDL is a heterogeneous group of subspecies with unique protein/lipid compositions that are not reflected in the HDL-C measurement [13, [16] [17] [18] . Diverse proteins on HDL subspecies may have physical interactions or be colocalized on the same particle without a physical interaction. Those different HDL subspecies provide a plausible explanation for the many diverse functions of HDL [19] . While HDL is most recognized for its ability to mediate reverse cholesterol transport (RCT) [20] , in which it removes excessive cholesterol and other lipids from peripheral tissues and transports them back to the liver for catabolism, HDL has also been shown to have anti-inflammatory, antioxidative, and antiapoptotic properties [21] [22] [23] [24] [25] .
Using gel filtration chromatography that separates lipoproteins by size, we previously found that adolescents with type 2 diabetes were depleted of large HDL particles compared with obese and lean adolescents [17] . This decrease was inversely and significantly correlated with an increase in pulse wave velocity (PWV), an early measurement of arterial stiffness. Additionally, we detected 45 HDL-associated proteins, seven of which were lower in the T2D group. These results demonstrated an alteration in the HDL composition in young adults with T2D. However, in our previous paper, we had not examined if specific proteins or protein subspecies on these particles may be related to arterial stiffness.
Here we sought to determine if any proteins or groups of proteins may be related to arterial stiffness as measured by PWV. Recently, we have developed a network-based computational method to infer HDL subspecies from complex proteomics data [16] . Supported by multiple lines of evidence, the protein clusters revealed by our method likely correspond to HDL subspecies. In this work, we integrated patient clinical data, biological experiments, and bioinformatics analysis to reveal arterial stiffness-related HDL proteins and subspecies, which may serve as better markers than HDL-C for linking T2D with CVD.
Methods

Study Cohort.
Five adolescents with T2D and six lean controls aged 17-27 years were included in this analysis [17] . Table 1 lists the clinical characteristics of the study cohort. Subjects with T2D were diagnosed based on American Diabetes Association criteria [26] . The lean control group had a BMI less than the 85th percentile (age ≤ 20) or less than 25 (age > 20). Lean control participants had no evidence of chronic disease. Manual blood pressure was measured three times and averaged using a mercury sphygmomanometer. Arterial stiffness was measured by carotid to femoral PWV, a risk factor for coronary artery disease and stroke [27] . For each subject, PWV was collected using a SphygmoCor SCORPVx System. Three PWV values for each participant were measured and averaged.
Plasma Fractionation and Proteomics.
For each subject, blood was fractionated by gel filtration chromatography into 18 lipid-containing fractions by size [13] . By this method, which has been extensively described [13, 18] , fractions 13-30 contain detectable phospholipid that corresponds to the plasma lipoproteins VLDL, LDL, and HDL. To relate gel filtration results to traditional density-centric definitions, the VLDL/LDL range was defined as fractions 14-18 due to the presence of apoB. The remaining fractions 19-30 were defined as a HDL range because their diameters are consistent with measurements for density-isolated HDL and because of the abundance of the major HDL protein, apoA-I. Lipid-associated proteins were isolated using a synthetic calcium silicate hydrate, Lipid Removal Agent (Supelco), and their relative abundance in each fraction was determined by mass spectrometry (MS) as previously described [17, 28] . Briefly, samples were delipidated using chloroform and methanol. Next, samples were treated with dithiothreitol and iodoacetamide (Sigma-Aldrich, St. Louis, MO) to reduce and carbamidomethylate the proteins. Finally, proteins were trypsinized and subjected to MS. An Agilent 1100 Series Autosampler/HPLC was used to draw 0.5 L of sample and inject it onto a C18 reverse phase column (GRACE; 150 × 0.500 mm), where an acetonitrile concentration gradient (5-30% in water with 0.1% formic acid) was used to elute peptides for inline electrospray ionization tandem MS, by a time of flight QSTAR XL mass spectrometer (Applied Biosystems). Column cleaning was performed automatically with two cycles of a 5-85% acetonitrile gradient lasting 15 min each between runs. PeakView version 2.1 was used to convert the raw data files into the peak list (.mgf) files. The resulting mass spectra were analyzed with Mascot (version 2.2.2, http://www.matrixscience.com) and X! Tandem (version 2001.01.01.1) search engines against the UniProtKB/Swiss-Prot Protein Knowledgebase (2011, containing 540,958 entries). Search criteria included human taxonomy and carbamidomethylation as a variable modification; peptide tolerance was set at ±20 ppm, MS/MS tolerance was set to ±0.6 Da, and up to 3 missed trypsin cleavages were allowed. Peptide and protein identification from the MS/MS was validated using Scaffold software (version 3.3.1) and only peptides with >95% identification probability and proteins with >99% identification probability were included in the analysis. Additionally, at least 2 peptides from each protein were required to be considered in the analysis. False discovery rates were less than 0.6% for peptide identification (calculated as the percentage of the sum of exclusive spectrum counts of decoy proteins divided by the sum of exclusive spectrum counts of target proteins) and less than 0.1% for protein identification (calculated as number of decoy proteins divided by the number of target proteins). MS peptide counts were obtained to semiquantitatively identify differences in proteins across fractions between groups. Although peptide spectral counting has been criticized for its accuracy to reflect the abundance of proteins, it would not compromise our analysis in this work, since we only considered the trends or distribution patterns of HDL proteins. Spectral counts were used in no instance to reflect the absolute quantity of a protein. For data preprocessing, we filtered the MS detected proteins with the HDL Proteome Watch [29] in all lean and T2D participants. The HDL Proteome Watch is a curated database documenting all proteins that have been found to be associated with HDL in multiple MS studies. We further removed extremely low-abundant proteins (less than 3 peptides across all subjects).
Correlation Analysis.
To investigate if any individual HDL proteins were related to arterial stiffness, we calculated Pearson correlation coefficient (PCC) between the relative abundance of HDL proteins in fractions 19-31 and PWV measurements. PCC was calculated for the lean and T2D combined dataset, the lean dataset only, and T2D dataset only. We realized that PCC of the lean and T2D combined dataset may be mainly driven by the lean group (Supplemental Figure  1) . If the composition of HDL is indeed altered in T2D, it is possible that, in the same size fractions, lean and T2D datasets exhibit distinct patterns. Thus, in this work, we separated lean and T2D groups and analyzed them individually. Specifically, for each plasma HDL fraction ∈ [19 ⋅ ⋅ ⋅ 30], we calculated a univariate PCC between PWV and the peptide counts of HDL-associated proteins in fractions across all subjects within the two groups. We applied a two-tailed -test followed by the Benjamini-Hochberg procedure to correct for multiple comparisons to test the null hypothesis of no correlation between PWV and proteins.
Network-Based Identification of HDL Subspecies.
To infer HDL subspecies, we applied the network-based approach we previously developed for clustering comigrating proteins [16] . This approach is based on the assumption that proteins with similar elution patterns during plasma fractionation are very likely to reside on the same HDL subspecies. We constructed a comigration protein-protein interaction (PPI) network for the lean and T2D groups, separately, using fractions 13-30. Comigration similarity was measured by univariate PCC, and strongly correlated links are chosen to form the networks. Proteins in the network were clustered using a network clustering approach, ClusterONE [30] . The identified protein clusters found in fractions 19-30 were inferred to be HDL subspecies.
Disease Association Analysis.
To determine whether the HDL subspecies are related to particular diseases, we performed disease association analyses using an independent analyzer, ToppCluster [31] . In disease association analysis, ToppCluster calculated an enrichment score with a hypergeometric distribution test for our identified HDL subspecies associated with human disease annotations that were collected from multiple public human disease databases. A default Bonferroni correction was applied on the tests of associations and the corrected < 0.05 was used to select significant associated diseases.
Results
HDL-Associated Proteins and Arterial Stiffness.
We first sought to determine if individual HDL-associated proteins in the plasma HDL fractions were associated with arterial stiffness. A total of 68 HDL-associated proteins were identified across all fractions. Figures 1 and 2 show univariate PCC of 58 proteins within the HDL size fractions versus PWV in the lean and T2D groups, separately. Across the two groups, we identified 14 distinct HDL proteins that exhibited significant correlation with PWV (|PCC| ≥ 0.9, < 0.05 after Benjamini-Hochberg procedure). In the lean group specifically, seven proteins showed strong negative correlation with PWV ( Figure 1 ). Those include classical apolipoproteins apoA-I, apoC-III, and apoJ, as well as complement C1s subcomponent, histidine-rich glycoprotein, inter-alpha-trypsin inhibitor 2, and pigment epithelium-derived factor. The significant proteins were detected across the HDL size range and showed no preferential distribution in larger or smaller Red, white, and blue are used to mark maximal, medium, and minimum value, respectively. Green checkmark indicates significant correlation. The proteins that also correlate with PWV in the T2D group are highlighted in yellow.
particles. The negative correlation with PWV suggests that these proteins may be components of the atheroprotective particles.
In contrast, in the T2D group, nine proteins were found to be positively correlated with PWV ( Figure 2 ). These proteins were mainly distributed across fractions 26∼29, the range containing smaller HDL particles. These proteins were alpha-2-HS-glycoprotein, antithrombin-III, apoA-I, gelsolin, hemopexin, histidine-rich glycoprotein, kininogen-1, plasminogen, and albumin. The positive correlation with PWV suggests that these may be atherogenic. It is worth noting that apoA-I and histidine-rich glycoprotein were found in both groups but with negative correlation with PWV in the lean group and positive correlation in the T2D group, suggesting that perhaps the protein distribution (what size particles it associates with) is altered in disease, rendering it proatherogenic. Except the significantly PWV-correlated proteins mentioned above, the majority of phospholipidassociated proteins demonstrated no clear correlation with PWV measurements.
Pattern Distribution of Proteins Associated with PWV.
Based on the correlation analysis, we wanted to know if these PWV-related proteins are associated with altered HDL particle sizes. This prompted us to investigate the distributions of these PWV-related proteins. We compared distribution patterns of all the significantly correlated proteins between the lean and T2D groups ( = 14). Using a -test, we determined that 5/14 PWV-correlated proteins have significant distribution changes at specific fractions ( < 0.05). These include gelsolin, kininogen-1, plasminogen, inter-alphatrypsin inhibitor 2 (ITIH2), and pigment epithelium-derived factor (PEDF). We noted that an additional five proteins (i.e., apoA-I, alpha-2-HS-glycoprotein, hemopexin, histidine-rich glycoprotein, and albumin) exhibited observable pattern changes but their value was slightly greater than 0.05. antithrombin-III, apoC-III, complement C1s subcomponent, and apoJ (Figure 3(f) ). The pattern analysis suggests that only a portion of HDL subspecies where these proteins reside were altered in youth with T2D.
HDL Subspecies and Arterial
Stiffness. Next, we sought to identify potential HDL subspecies that may be related to arterial stiffness. We have previously designed a computational method to reveal putative HDL subspecies [16] . In this work, we employed the same approach to construct comigration PPI networks for the lean and T2D subjects, respectively, as described in Section 2. The spectral counts of the 68 proteins across fractions 13-30 were applied in network construction. PPI networks for the lean and T2D groups are shown in Figure 4 . The networks only include strongly correlated comigration links (PCC ≥ 0.8, < 0.05) and, as a result, 42 associated HDL proteins. The lean network shown in Figure 4 (a) contains 62 comigration links, while the T2D network in Figure 4 (b) has only 35 links. Fibrinogen alpha chain, fibrinogen beta chain, and fibrinogen gamma chain (yellow) form fibrinogen, a glycoprotein in plasma. These three subunits should be interconnected in the comigration network, since they colocalize and travel together in fractionated plasma as a single protein. Interconnection of the three subunits in both Figures 4(a) and 4(b) was observed, validating our network construction. In Figure 4 (a), we identified several groups of proteins that can be found clustered together using the ClusterONE method [30] . These clusters may comprise distinct HDL subspecies and are marked with various colors in the lean controls. Nodes that are not in any cluster are marked with aqua color. In T2D network (Figure 4(b) ), we applied the same layout and color scheme as in Figure 4 (a) for comparison. There are global topological differences between the lean and T2D networks. A clustering coefficient (CC) was calculated to measure the degree to which nodes in a network tend to cluster together. The CC of the lean network is 0.508, while the CC of T2D network is reduced to 0.225. This reduction indicates that lean subjects may have more intact protein subspecies than T2D subjects.
Another important topological feature of a network is the number of connected components (NCC). In a graph, its connected components are the set of the largest subgraphs that are each connected. A lower NCC indicates fewer subgraphs and suggests stronger network connectivity. The NCC of lean and T2D networks are 8 and 23, respectively. In terms of number of links, the lean network has more links than the T2D network with the same PCC cutoff. This suggests that HDL proteins in the lean controls have a stronger comigration relationship than the ones in T2D subjects. Loss of the links in the T2D network is mainly within the clusters (e.g., green and yellow clusters). On the other hand, the T2D network involves additional links; for example, kininogen-1 comigrates with the pink cluster. The differences between the networks indicate that the compositional alterations of certain HDL subspecies may occur in youth with T2D.
Upon further examination, we first noted that the edge between apoA-I and apoA-II is absent in the T2D group. Although not all apoA-I containing particles include apoA-II, it is well known that apoA-I and apoA-II often reside on the same HDL complexes [14, 18, 29, 32 ]. An independent study [32] has reported the apoA-I and apoA-II comigrated after gel filtration-based plasma fractionation (PCC = 0.96). In the current study, the PCC of the apoA-I and apoA-II migration pattern in the lean group is 0.871 ( < 0.05), while the PCC in T2D group is reduced to 0.747 ( < 0.05). Their comigration patterns were compared between lean and T2D groups (Figures 5(a) and 5(b) ). Obvious distribution changes appeared on apoA-II, especially around fractions 21-23. This was previously reported in our original paper [17] . The lower PCC may be due to either a loss of the small HDL particle in T2D patients or the compositional alteration of HDL subspecies containing apoA-II in youth with T2D. Additionally, the link between haptoglobin-related protein and complement factor H is lost in the T2D network. Their comigration patterns (Figures 5(c) and 5(d)) demonstrate that haptoglobin-related protein has a clear pattern alteration in the T2D group. On the other hand, we found some edges that only appear in the T2D network.
Figures 5(e) and 5(f) show that kininogen-1 has a peak at fraction 26 in the lean controls but a peak at fraction 27 in the T2D subjects. This right-shift makes kininogen-1 have a similar migration pattern to apoH in youth with T2D.
In the HDL-associated PPI network, we observed three clusters that contain at least two proteins that were highly correlated with PWV. These are the blue cluster containing four proteins (apoA-IV, antithrombin-III, kallistatin, and albumin), the green cluster containing five proteins (apoA-I, apoA-II, complement C3, complement C1s subcomponent, and Ig gamma-1 chain C region), and the pink cluster containing six proteins (hemopexin, gelsolin, plasminogen, complement C9, apoH, and alpha-2-HS-glycoprotein). The proteins in the blue cluster do not likely form a subspecies. They simply migrate together due to their similar sizes. If they formed a subspecies, their combined MW would be at least 205 kDa, without any associated lipid, and would thus elute in an earlier fraction. Therefore, this grouping will not be referred to as a subspecies. However, the remaining 2 clusters are each likely migrating together as at a subspecies, since they elute in a fraction containing proteins that are larger than any single protein in their respective clusters. The migration patterns for the 2 subspecies in both lean and T2D groups are shown in Figure 6 . Again, we first provided fibrinogen as a control shown in Figures 6(a) and 6(b) to illustrate how different proteins comigrate if they reside on the same "particle" and show no difference in the pattern between lean and T2D as previously observed. The rest of panels in Figure 6 demonstrate the patterns of the two newly revealed clusters in lean and T2D. The green cluster (Figures 6(c) and 6(d) ) contains two negatively PWV-correlated proteins that were identified in the lean group. Pattern changes are clear in the T2D group, so that links between proteins in the lean group are absent in the T2D group.
It appears that the intact subspecies containing two atheroprotective proteins are remodeled into disconnected proatherogenic elements. Lastly, in the pink cluster (Figures 6(e) and 6(f)), four out of six members are positively PWVcorrelated proteins in T2D group. Only alpha-2-HS-glycoprotein demonstrates observable pattern change. Since these two clusters likely correspond to HDL subspecies in plasma, we expect these subspecies to be related to arterial stiffness.
HDL Subspecies and Disease.
Taking our analysis a step further, we sought to explore the human diseases these subspecies are associated with. We used ToppCluster [31] to construct a disease-cluster association network ( < 0.05 after Bonferroni correction). As shown in Figure 7 , square nodes of the network represent all the diseases significantly associated with those clusters. Edges in the network represent significant associations, which are calculated based on hypergeometric tests. We marked diabetes-related, CVD-related, and dyslipidemia-related terms with different colors. Both clusters appeared to be associated with certain CVD-related or dyslipidemia-related diseases. The strong associations indicate that the proteins within the subspecies may work together and contribute to the pathogenesis of those diseases.
Therefore, this disease association further supports that these HDL subspecies may be related to arterial stiffness. endothelial protective activities of HDL isolated from T2D subjects are reduced compared to those of healthy control subjects [37] . Further, HDL incubated with glucose was shown to have impaired anti-inflammatory and antioxidant activities [36] . Thus, identification of T2D-specific HDL proteins or subspecies could not only serve as early biomarkers of distinct stages of CVD but also help in designing specific HDL-related therapies to protect persons with T2D from CVD complications. Even though previous studies have shown that HDLassociated proteins are altered in youth with T2D [17] , which proteins or subspecies are specifically related to arterial stiffness remains elusive. Here, we set out to identify HDL proteins and subspecies that correlate with arterial stiffness by comparing clinical and proteomics data from lean and T2D participants. This work is novel in two aspects: (1) it reveals a number of significantly PWV-correlated proteins by combining biological assays, clinical measurement, and HDL proteomics and (2) it goes beyond individual proteins and investigates the impact of T2D from a HDL subspecies perspective.
Discussion
With regard to the individual HDL proteins that were correlated with arterial stiffness, several findings are noteworthy, including changes in the PCC of apoA-I, histidine-rich glycoprotein, and hemopexin with PWV. In the current analysis, apoA-I has both negative and positive correlations with arterial stiffness, which indicates that apoA-I may serve as a platform for HDL particles that can be both atheroprotective and atherogenic. Since the gel filtration technique separates HDL particles by hydrodynamic diameter, an alteration of the distribution pattern indicates a change in particle size and thus a compositional change of HDL subspecies. ApoA-I in the T2D group exhibits lower normalized abundance in the larger HDL range and an increase in the smaller particle fractions. From the HDL subspecies perspective, apoA-I is the major component and structural scaffold of HDL and is likely involved in multiple HDL subspecies. Based on the PCC in different fractions (Figures 1 and 2) , it is likely that the balance between larger size apoA-I containing subspecies in fractions 21-22 and the smaller apoA-I containing subspecies in fractions 25-28 may underlie apoA-I's apparent atheroprotection in the lean group and possibly also the increase in arterial stiffness in the T2D group. Unfortunately, based on current analysis, it is impossible to distinguish two possibilities: (1) T2D results in the breakdown of protective HDL particles into harmful smaller ones or (2) there exist two distinct HDL subspecies in the plasma with certain metabolic balance, and T2D tends to alter this balance. It will be important to understand the metabolic origins of these species to address these questions.
Additionally, histidine-rich glycoprotein and hemopexin are positively correlated with PWV in the T2D group. These two proteins play roles in the regulatory functions for the blood coagulation, complement, and fibrinolysis pathways. As of now, we do not have enough information to speculate how these proteins may contribute to vascular stiffness or even if they are causal in this regard.
Our network analysis revealed clear global differences in the protein networks between lean and T2D groups. Global topological parameters of these two networks suggest that the lean network has a stronger connectivity and tends to have more clusters, while the T2D network has a more scattered topology. It is possible that, in T2D, certain proteins are missing from critical HDL subspecies, thus altering their function. Fisher et al. [38] have described the formation of dysfunctional HDL. It is expected that when dysfunctional HDL are generated instead of mature spherical HDL, protein networks of HDL may show obvious topological differences. Our network analysis is consistent with the previous observations that the HDL subspecies in the T2D group are indeed altered by T2D [17, 33, 34] , as demonstrated by the decreased intracluster links compared with the lean group (such as loss of the apoA-I and apoA-II link, as well as other links within the clusters).
Two candidate subspecies that contain at least two PWVcorrelated proteins that may be related to arterial stiffness were identified. Notably, there are some distribution pattern changes in individual proteins of the identified subspecies between the lean and T2D groups ( Figure 6 ). This indicates that the composition of these particles may be altered in the T2D subjects. It is possible that such compositional alterations may impact certain functions of HDL and, consequently, the progression of CVD. These HDL subspecies may provide a link between T2D and CVD complications. Currently, our study only focused on arterial stiffness and CVD. Since T2D has various typical complications (e.g., CVD, neuropathy, nephropathy, retinopathy, hearing impairment, and Alzheimer's disease), we speculate that diverse HDL subspecies or lipid-associated particles may be related to different complications.
One limitation of this work was the limited sample size. Due to the limitation of the subject recruiting as well as the relatively limited throughput of the plasma fractionation procedure, this study was carried out on a representative subject group instead of a large population. Thus, we cannot totally exclude the possibility of bias induced by individual differences. However, no other study has endeavored to subfractionate lipoproteins and track their proteome in this much detail. Another limitation of the study is that we cannot know with 100% certainty whether every protein in the analysis resided on an HDL particle. However, the study was specifically designed to increase the likelihood that we are only looking at HDL-associated proteins. The method used in this study involves a multipronged approach to fractionate HDL. First, whole plasma is size-fractionated. Second, LRA is used to isolate lipid-containing particles from each fraction. Although LRA effectively binds lipid-rich species, we cannot confidently exclude the possibility that some plasma proteins bound the LRA. Thus it is possible that, even with the LRA selection process, some plasma proteins were detected by MS analysis. However, finally, the resulting list of MS identified proteins (approximately 110 proteins) was filtered against the HDL Proteome Watch, a curated database that reports proteins that have been detected on HDL by multiple mass spectrometry studies. Thus, it is reasonable that the proteins reported in the final subspecies analysis are likely to be HDLassociated proteins. Future work will focus on validating these results in larger groups.
Conclusions
In summary, we identified seven HDL proteins that are negatively correlated with arterial stiffness, as well as nine proteins that positively correlated with arterial stiffness from complex proteomics data. Additionally, we constructed protein comigration networks for the lean and T2D groups, separately. Using the network-based complex identification, we discovered two PWV-related HDL subspecies that are associated with multiple complications of T2D. We caution that current findings are only based on correlation analysis. Nevertheless, the correlations are significant enough to support further experimental investigation. We found that the distribution of those proteins may provide a better understanding on how HDL proteins are altered in youth with T2D and how they are related to arterial stiffness. Our results also indicate that certain HDL proteins (e.g., apoA-I and histidine-rich glycoprotein) may reverse their protective roles and become atherogenic in T2D condition. This may explain why the HDL-C raising therapies [7] have not achieved desirable outcomes. These PWV-related proteins and subspecies could be excellent targets in future deterministic experiments for investigating specific HDL subspecies.
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